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The ability to selectively control gene expression has fueled synthetic biology 43 as an engineering discipline. Ever since the description of genetic systems inducible 44 by small molecules, such as IPTG, arabinose or tetracycline 1 , the repertoire of
Experimental design and biosensor variant library construction
127
In order to establish a method for the development of new genetically-128 encoded biosensors based on allosterically regulated transcription factors (aTFs) 129 with user-defined functionalities, we deployed directed evolution coupled with toggled 130 selection using fluorescence-activated cell sorting (FACS) (Fig. 1A) . 
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For the evolution set-up, the diversified EDB templates were co-transformed 157 with a linearized plasmid backbone encoding the BenM WT DBD, into a platform 158 yeast strain expressing GFP from an engineered weak CYC1 promoter harboring a 159 previously described aTF binding site (aTF-O pro) 18 to allow for library construction 160 by gap repair and aTF-controlled inducible expression of GFP, respectively (Fig. 1A) . 161 For all designs, we genomically integrated aTF-O::GFP as a single reporter copy. 162 Next, this library was subjected to various user-defined FACS-based toggled 163 selection regimes in order to evolve aTF variants with new ligand specificity, 164 extended operational and dynamic ranges, and inversion of function (Fig 1A-B) . In 165 general first-and second-round sorting included 0.0032 -5.4% and 34.9 -43.4% of 166 the library, respectively, depending on the trait sought for (Suppl . Table S1 ). 7 Finally, variants evolved in this study were sequenced (including promoter 168 and terminator) and subsequently independently re-transformed into clean yeast 169 background strains, before being re-phenotyped to rule out phenotypic effects of 170 potential secondary genomic mutations.
172
Evolution-guided engineering of biosensor transfer function and specificity 173 The first transfer function parameter to be improved was dynamic range. To 174 this end, we first sorted BenM variants that specifically showed high fluorescent 175 levels in the presence of 1.4 mM CCM (ON state) (Fig. 1B, Fig. 2A , and Suppl. Table   176 S1), a concentration we previously reported relevant for screening in yeast cells 18 . 177 Next, we performed a second round of sorting to remove variants with high induction, compared to 2.8-fold induction of BenM WT ( Fig. 2A) . 189 Next, we sought to use directed evolution and toggled selection for affinity- 
) .
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Taken gates were drawn to select for single-cell events obeying the set criterion (Fig. S2) Tris-HCl, 500 mM NaCl, 30% Glycerol, 5 mM Imidazole, 1 mM DTT pH 7.9), proteins 551 were eluted with 4 column volumes each of 5%, 10%, 15% and 100% buffer B (30 552 mM Tris-HCl, 500 mM NaCl, 30% Glycerol, 500 mM Imidazole, 1 mM DTT pH 7.9). o C. Once the OD600 reached 0.6, the culture was The assays were performed in triplicate wells for each concentration. 
